Abstract.-A generic-level phylogeny for the butterfly family Nymphalidae was produced by cladistic analysis of 234 characters from all life stages. The 95 species in the matrix (selected from the 213 studied) represent all important recognized lineages within this family. The analysis showed the taxa grouping into six main lineages. The basal branch is the Libytheinae, with the Danainae and Ithomiinae on the next branch. The remaining lineages are grouped into two main branches: the Heliconiinae-Nymphalinae, primarily flower-visitors (but including the fruit-attracted Coeini); and the Limenitidinae (sensu strictu), Biblidinae, and the satyroid lineage (Apaturinae, Charaxinae, Biinae, Calinaginae, Morphinae, Brassolinae, and Satyrinae), primarily fruit-attracted. Data partitions showed that the two data sets (immatures and adults) are very different, and a partitioned Bremer support analysis showed that the adult characters are the main source of conflict in the nodes of the combined analysis tree. This phylogeny includes the widest taxon coverage of any morphological study on Nymphalid butterflies to date, and supports the monophyly and relationships of most presently recognized subgroups, providing strong evidence for the presently accepted phylogenetic scheme. [Adults; combined data; eggs; juveniles; larvae; morphology; Nymphalidae; phylogeny; pupae.]
The cosmopolitan butterfly family Nymphalidae (Lepidoptera) includes about 7200 species occurring in all habitats and continents except Antarctica (DeVries, 1987; Shields, 1989; Heppner, 1991) . The systematic relationships among its many different subfamilies and tribes are still poorly understood, however (Harvey, 1991) ; most subfamilies are vaguely defined or supported by few characters. Even the widespread and well-studied subfamily Nymphalinae (sensu Harvey, 1991) has been considered an unnatural assemblage (Harvey, 1991; De Jong et al., 1996) . Nevertheless, some main subgroups of the Nymphalidae (such as Acraeinae, Heliconiinae, Brassolinae, Morphinae, Satyrinae, and Danainae) have been recognized by many authors since they were first defined by Müller (1886) .
The phylogeny of this family has been frequently discussed, with the relationships among the taxonomic categories below the family level varying with the sample and the author (Clark, 1949; Ehrlich, 1958; DeVries, 1987; Harvey, 1991) . In historical perspective, the work of Müller (1886) in southern Brazil, with his access to and preferential use of characters from early stages to identify the proposed lineages of Nymphalidae, provided one of the best foundations for the infrafamilial classification of the Nymphalidae. A reevaluation of butterfly classification by Ehrlich (1958) , including over 300 species and using characters from early stages and adults, gave a first attempt at a coherent classification of all butterfly groups, including the subdivisions of Nymphalidae. Ehrlich and Ehrlich (1967) then proposed a complete phenetic scheme for butterflies, based on numerical methods of analysis. Ackery (1984 Ackery ( , 1988 attempted to define the main groups within the butterflies; the results were quite conservative, especially for the subfamilies of Nymphalidae, and there was no definition of the relationships within the different subfamilies. The classification of Harvey (1991) was partly based on the larval characters of Müller (1886) and some other authors according to the subgroup (especially Ehrlich, 1958; Ehrlich and Ehrlich, 1967; Miller, 1968; Ackery and Vane-Wright, 1984; Ackery, 1988) . This classification became popular for its lists of genera for each group, although the relationships within and among the subgroups were not fully resolved.
Several additional morphological studies also contributed to Nymphalidae systematics (Clark, 1947 (Clark, , 1949 Stelkonikov, 1967; Kristensen, 1976; Scott, 1985; De Jong et al., 1996) , but these were broad and did not focus on the subdivisions of the family.
Recently, studies using molecular data and phylogenetic methods were added to this list (Martin and Pashley, 1992; Weller et al., 1996) , but these had limited taxon coverage and did not add much to the resolution of the Nymphalidae phylogeny. The recent paper of Brower (2000) using the wingless gene, and Wahlberg et al. (2003) using one mitochondrial (COI) and two nuclear (EF-1α and wingless) genes, both including good taxonomic coverage of the Nymphalidae (Calinaginae not represented in Brower's paper), showed that many of the traditional subgroups are monophyletic.
Although the higher level phylogeny of Nymphalidae is still partly unresolved, relationships among certain subgroups are widely accepted (Danainae with Ithomiinae, Acraeini with Heliconiini, and Satyrinae with Morphinae-Amathusinae-Brassolinae; Ehrlich, 1958; Ackery, 1984 Ackery, , 1988 Scott, 1985; De Jong et al., 1996) . The position of Libytheinae as the basal group of Nymphalidae has also been accepted by many recent authors (Ehrlich and Ehrlich, 1967; Ackery and Vane-Wright, 1984; Scott, 1985; Harvey, 1991; De Jong et al., 1996) . However, several questions remain in the Nymphalidae, such as the positions of Calinaginae and Tellervinae and the status and relationships within Nymphalinae (sensu latu). but he never proposed taxonomic changes (Harvey, 1991: 255-257) . The many studies describing immature stages of butterflies that have been published since then form a vast body of information available for systematic analysis (see . The concerted effort to gather this information allowed comparative studies like those of Chapman (1893, 1895), Packard (1895), Mosher (1916) , Moss (1920 Moss ( , 1949 , D'Almeida (1922), and Hinton (1946) , all of which are landmarks in morphological studies of immature Lepidoptera. Besides simple descriptions, fine scale morphological studies have also been published using chaetotaxy of first instar larvae, some of them with a phylogenetic approach (Hinton, 1946; Fleming, 1960; DeVries et al., 1985; Nakanishi, 1988; Motta, 1998 Motta, , 2003 . In recent years, techniques of scanning electron microscropy (SEM) have been used successfully to obtain characters of first instar larvae and chorionic structure of eggs (Kitching, 1985; Motta, 1989; Tyler et al., 1994; Sourakov, 1996 Sourakov, , 1997 Sourakov and Emmel, 1997a, 1997b) . The morphology and biology of immature tropical nymphalids, the main focus of this study, are fairly well known, but information is still lacking for several important groups.
Studies with Butterfly Immatures
The use of early stage characters is increasing in importance for the study of butterfly systematics, because they can offer answers to questions that remain unsolved with the characters of adults only . The higher level relationships within Morphinae and Satyrinae ; the phylogeny of Danainae (Kitching, 1985) , Ithomiinae (Motta, 1989 (Motta, , 1998 (Motta, , 2003 Brown and Freitas, 1994) , Papilionidae (Tyler et al., 1994) , and Heliconiini (Penz, 1999) ; the relationships of some genera of Biblidinae ; and the overall higher classification of Nymphalidae (Harvey, 1991) are examples of recent studies in which characters of immatures provided important information for systematic research.
Even with this recognition of the importance of characters from immature stages, they have been used only rarely in the higher classification of butterflies. This may be a result of the lack of adequate material for comparison in museums (especially for tropical groups), little interest of lepidopterists, and the difficulties in field work .
Although various studies have been undertaken to solve the question of Nymphalidae classification, the characters used were almost always the same, taken from adults. Instead of multiplying the number of adult characters, different data sets need to be obtained Vane-Wright, 2003) . Molecular characters and those drawn from immature stages are the most promising at the present (as discussed by De Jong et al., 1996; Ackery et al., 1999; Brower, 2000; Wahlberg et al., 2003) .
In this study, we use morphology of all life stages to resolve the higher-level phylogeny of the Nymphalidae. To address this point, many species of Nymphalidae were reared and preserved over the last 16 years by AVLF, complementing data gathered by KSB in the last 35 years (especially on Heliconiini and Ithomiinae) to form a data bank broad enough to permit analysis. Some of these data have already been published in previous papers (Freitas, , 2002 (Freitas, , 2003 (Freitas, , 2004a (Freitas, , 2004b Freitas and Oliveira, 1992; Brown and Freitas, 1994; Freitas et al., 1997 Freitas et al., , 2001 Freitas et al., , 2003 . The proposed phylogeny of Nymphalidae in this work is based on characters from all life stages, with a preponderant contribution (more than half of the total) of characters from immatures, resulting in a data set different from all those published previously, and presenting a well-resolved phylogeny of the family.
MATERIAL AND METHODS

Taxon Sampling
Immature stages (eggs, larvae, and pupae) and adults of Nymphalidae were collected in more than 200 localities in Brazil (see list in . To help cover all Nymphalidae subgroups, material from other regions was provided by many investigators or examined in museums.
Immature stages of 213 species of Nymphalidae were studied, most of them (182) collected in the field. Data for a few species were obtained from the literature and unpublished descriptions (especially immatures of Calinaga buddha). Of these 213, 95 species in 94 genera were selected as sufficient taxa to represent the Nymphalidae (Table 1) , and were included in the data matrix for the phylogenetic analysis (available as nexus file at http://systematicbiology.org). The taxa were selected to give coverage of all widely recognized subfamilies and tribes of Nymphalidae. In the cladograms, only the generic name was used to represent the species (except for Callicore, with two species in the matrix).
Eggs were collected in the field or from females confined in plastic bags. In some cases, fertilized eggs were obtained by pressing the end of the abdomen. This procedure usually resulted in a single fertile egg, and was used in species that did not oviposit in the laboratory. Larvae were reared in plastic pots with parts of the host plants. Individuals of each instar were preserved whenever possible, and detailed notes were recorded for all species reared.
Cladistic Analysis
The character states were polarized in relation to several Pieridae and Papilionidae, together with some Lycaenidae and Hesperiidae. Then, to simplify the picture, a hypothetical outgroup with all characters set to 0 (zero) was added to the matrix (as in Livezey, 1996, and De Jong et al., 1996) . According to Livezey (1996) , this method facilitates rooting of trees without digressions into relationships among outgroups. Multistate characters were mostly ordered, except for characters 1, 9, and 14, which are unordered. they might be useful in future morphological studies in defining some lineages. Separate analyses were carried out for three data partitions: (1) characters of immatures (eggs, larvae, and pupae) only; (2) characters of adults only; and (3) characters combined. Analyses were conducted using PAUP* 4.0b10 (Swofford, 1998) , under the heuristic option with 1000 random-taxon-addition replicates. Tree searches were also conducted using the parsimony ratchet (Nixon, 1999) as implemented in PAUPRat (Sikes and Lewis, 2001 ). Successive approximations weighting analyses were carried out under the heuristic search option with 500 random-taxon-addition replicates. Both strict consensus and majority-rule consensus trees were calculated for the sets of most-parsimonious trees discovered by these search procedures. Nonparametric bootstrap analyses (Felsenstein, 1985) were conducted using NONA 1.8 (Goloboff, 1993) , with 1000 pseudoreplicates and 10 random additions per pseudoreplicate. Bremer support and partitioned Bremer support (PBS) values (to obtain the contribution of each data set to the Bremer support values of the combined analysis) (Bremer, 1988 ; Baker and DeSalle, 1997; Baker et al., 1998) were calculated using TreeRot (Sorensen, 1999) . The analysis was conducted with 25 random taxon addition replicates, TBR branch swapping, and 200 trees held in each replicate. The trees were drawn and printed using Tree Gardener 2.2.1 (Ramos, 1997).
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Possible incongruence between the immature and adult data sets was explored using the incongruence length difference (ILD) test (Farris et al., 1994) as implemented in the program Winclada (Nixon, 2002) . One thousand ILD replicates were conducted, each consisting of 10 random-taxon-addition replicates and employing TBR branch-swapping. Recent studies have shown many flaws in the ILD test (see Barker and Lutzoni, 2002) , and some authors call attention to the sensitivity of the test to unequal sample sizes in the two data sets (Dowton and Austin, 2002) . In the present study, however, the two data sets have nearly the same size (134 and 100 characters), and the ILD was used as a measure of heterogeneity between the two data sets (as originally proposed by Farris et al., 1994) , and not as a way to validate or invalidate the combined analysis.
RESULTS
List of Characters
In all, 234 characters were obtained for the 95 species used in the analysis (Appendix 1). Of these, 134 were from immatures and 100 from adults (Table 2) . Several additional characters were evaluated in previous phases of the work and were discarded as they proved to be ambiguous, not informative, with much intraspecific variation, or of difficult definition.
Phylogenetic Analysis
Combined data.-The ratchet search found 16632 equally parsimonious trees, and the random taxon addition search found 16926 trees (294 trees more than ratchet, including all found by the ratchet) with the same length (1240 steps), with CI of 21 and RI of 71. The strict consensus tree is presented in Figure 1 . In the successive weighting analysis, the six subgroups were the same, but the positions of some taxa within these main groups were somewhat different (Fig. 2) . The data on all subgroups and their supporting characters are in Tables 3  and 4 . Partitioned data.-In the analysis of only immatures, the ratchet search found 30355 trees with 612 steps, CI of 25 and RI of 76, the random taxon addition search found 29254 trees with same length, including 4 trees not found by ratchet. The strict consensus tree based on the total 30359 trees is showed in Figure 3 . In the analysis with adults only, both ratchet and random taxon addition search found 3214 trees with 555 steps, CI of 20 and RI of 68, but each search found 2 trees not obtained by the other (3212 trees were common to both). The strict consensus tree based on the total 3216 trees is shown in Figure 4 . There was significant incongruence between the two data sets (ILD test; P = 0.002), a fact clearly seen when the separate trees were compared (Figs. 3, 4) .
If we accept the results of the combined analysis as the best estimate of nymphalid phylogeny, then a comparison of the trees in Figures 1, 3 , and 4 suggests that the data from adults are the main source of conflict. The adult data set is in conflict with 27 of the 75 nodes of the combined analysis tree, whereas the data set from immatures shows only 19 nodes in conflict; 29 nodes are nonconflicting. Considering only the 26 nodes above the main tribal and subfamilial ranking (presented in Table 4 ), the adult data set is in conflict with the combined analysis tree in 12 nodes, against only 6 conflicting nodes of the data set of immatures; 8 nodes are nonconflicting. A recent point of view (DeBry, 2001) points out the limitations of Decay Index values used in Bremer and PBS analyses, for comparing support in a parsimony analysis; they need to be interpreted in the light of branch lengths.
Natural Groups and Subfamilies of Nymphalidae
The tree in Figure 5 was derived from the majority rule consensus, and summarizes the main results, showing the six major groups and all recognized subgroups within Nymphalidae (Table 3) . Of the 37 major clades, only 4 appeared in less than 98% of the 16632 mostparsimonious trees found in the combined data analysis. The names of the three principal clades discussed below (danaoid, nymphaloid, and satyroid) are based on Freitas (1999). Harvey, 1991) , and is the sister group of the next three groups. Both Nymphalinae and Heliconiinae emerged as monophyletic in all trees. Within the Nymphalinae, only the tribe Kallimini was not monophyletic. The Coeini emerged as a tribe of Nymphalinae, and the relationships among the tribes show that Melitaeini + Kallimini form the sister group of Nymphalini + Coeini. In the successive weighting, the Coeini appeared together with group 4. The bootstrap support for this group was low, but the bootstrap value for Heliconiinae was moderately high. Brassolinae + Morphinae appeared as sister groups in all trees, and Satyrinae was a monophyletic group (but appeared as a paraphyletic group in the strict consensus tree). The positions of two taxa, Calinaga and Bia, remained unresolved in the current analysis. The genus Bia appeared off the Satyrinae, and is considered as a subfamily (Biinae). The position of this taxon is ambiguous, as it appeared in three different positions in the trees: as FIGURE 5 . Summary tree based on the majority rule consensus of the combined data, showing the relationships among the subfamilies (as in Figure 1 ). The numbers above each branch represent its bootstrap value (in italics), and the percentage of the 16632 most parsimonious trees in which this branch is found (bold). The groups discussed in Table 4 are shown in the major branches (G1 to G6), and the three main clades are indicated at right. Values are not given for single taxon branches (Libytheinae, Tellervinae, Bia, and Calinaginae).
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VOL. 53 the basal group of the clade formed Satyrinae + Morphinae + Brassolinae + Calinaginae; as the sister group of Morphinae + Brassolinae + Calinaginae; and as basal to the Satyrinae. However, in the successive weighting analysis, Bia appeared together with the Brassolinae, as the basal taxon (see additional information in Freitas, Murray, and . The genus Calinaga also is considered as belonging to its own subfamily, the Calinaginae. This taxon appeared together with the group Brassolinae + Morphinae in most trees, as the outgroup of this clade or as the basal taxon of Morphinae. After successive weighting, Calinaga became a basal taxon in group 5, just after Apaturinae, as the outgroup of Charaxinae + Satyrinae + Brassolinae + Morphinae. The bootstrap value for this group (without Apaturinae) is moderately high. Group 6.-The single subfamily Biblidinae (= Eurytelinae auctt.) forms this group. It corresponds to the tribe Biblidini of Harvey (1991) , which is here removed from the Limenitidinae to gain the status of a subfamily. This group it is the sister of group 5. In the strict consensus tree, Biblidinae appeared as paraphyletic.
DISCUSSION
The Combined Analyses and Relationships
Within Nymphalidae All 13 Nymphalidae subfamilies recognized by Harvey (1991) and many additional subgroups were covered in this study. All major recognized groups appeared as monophyletic in the majority consensus, and the relations within them were stable. In strict consensus, however, Biblidinae and Satyrinae appear as paraphyletic, reflecting the need for additional characters defining these two groups. The remaining subgroups were stable even with the great number of trees, and most of the remaining variation affects only the positions of some terminal taxa.
All recognized monophyletic subfamilies and groups of Nymphalidae were supported by one or more characters. The results obtained give support to Harvey's (1991) classification, probably in part due to the use of data from immature stages in both studies. Characters from immature stages were important in giving support for many branches (see Table 4 ), especially within the Nymphalinae clade.
The subfamily Libytheinae (represented by Libytheana in the present study) appeared as basal to the remaining Nymphalidae; its consistent appearance as an isolated branch confirms its distance from the other taxa, and agrees with most previous hypotheses based on adult morphological studies (Ehrlich, 1958; Scott, 1985; De Jong et al., 1996) . Modern studies using molecular data (Weller et al., 1996; Brower, 2000) have also emphasized the isolation of the Libytheinae, which, due to several similarities in the immatures with Pieridae and hierarchic reasons (Vane-Wright, 2003), could be evidence for supporting familial rank (even if in Brower, 2000, Libytheinae did not appear as the basal taxon of Nymphalidae). Evidence from host plant use , morphology (Häuser, 1993; De Jong et al., 1996) and geographic distribution (Ackery, 1984) together continue to suggest that this group is the outgroup of the remaining Nymphalidae (Vane-Wright, 2003), as a basal subfamily. The position of this taxon depends to a considerable extent on the accuracy of our character-state polarizations, used to code the hypothetical ancestor that served as an outgroup. Additional data will be needed to define the basal position of Libytheinae.
The position of Tellervinae + Danainae + Ithomiinae as basal to the remaining Nymphalidae agrees with previous morphology-based studies (Ehrlich, 1958; Ehrlich and Ehrlich, 1967; Scott, 1985; De Jong et al., 1996) , but not with analyses of molecular data (Martin and Pashley, 1992; Weller et al., 1996; Brower, 2000) . This conflict could result from the limited sampling of tropical taxa in molecular studies, or from the choice of a derived species to represent Danainae (usually a species of Danaus) in the early studies. This problem could be solved with the inclusion of additional species of Ithomiinae in the analysis (as proposed by Martin and Pashley, 1992) , or through a search for additional molecular data for the analysis (Weller et al., 1996; Brower and Egan, 1997) . In fact, in the study of Wahlberg et al. (2003) with one mitochondrial and two nuclear genes, the Danainae + Ithomiinae clade appeared as basal to the whole Nymphalidae (except Libytheinae).
The position of Calinaginae as basal to the Morphinae + Brassolinae is new. Even though the larva was recognized as bearing caudae (Ehrlich, 1959) , this position within the satyroid clade (near the Apaturinae or within the Satyrinae) was previously recognized by very few authors (e.g., Moore in Horsfield and Moore, 1858; Felder, 1861:27; Butler, 1885:309). Recently, Wahlberg et al. (2003) placed Calinaga as outgroup of the Charaxinae, in the satyroid clade, but combination of these molecular data with the present morphological set showed Calinaga as basal to the entire satyroid clade (Wahlberg and Freitas, in preparation) .
The Coeini have been recently suggested as part of the Nymphalinae Brower, 2000; Wahlberg et al., 2003) , and Brown (1992) recognized that the coeine genus Smyrna could be near to Hypanartia (tribe Nymphalini), in the Nymphalinae. It is interesting to note that many temperate species of Nymphalini such as Polygonia and Nymphalis are known to feed on fruits (Scott, 1986 , and personal observations), giving support to the appearance of a primarily fruit feeding group deriving from Nymphalini.
The definition of Biblidinae as a monophyletic group separate from the Limenitidinae sensu latu was not recognized by early authors, perhaps because few taxa were included in the analysis. Harvey (1991) pointed out the homogeneity of the Biblidini, but placed it as a tribe of Limenitidinae. Recent molecular studies have found Biblidinae independent of Limenitidinae (Brower, 2000; Wahlberg et al., 2003 ). This group is well supported by the presence of an hypandrium in the adult males (Jenkins, 1990) , and recent information confirms its monophyly and position separate from Limenitidinae and Vane-Wright, personal communication). The present results could end the discussion about the unity of the Limenitidinae sensu latu, separating this paraphyletic group into at least two (or three if Coeini be considered) monophyletic clades that are not obligatory sister groups.
The next steps to understanding remaining problems in the subgroups of the family Nymphalidae could be: Pseudergolini and other exclusively Old World taxa. 4. Search the "total known evidence," using the largest and most complete data set possible, by combining all known characters used in previous works with those of the present study and with molecular data available in the literature.
Separate Analyses Separate analyses showed that different sources of characters can result in very different hypotheses of internal relationships among the major groups of Nymphalidae. Some groups and relationships were constant in both juveniles and adults and also in combined analyses, including the establishment of monophyletic groups such as Tellervinae + Danainae + Ithomiinae, and the subfamilies Heliconiinae, Charaxinae, and Limenitidinae. Characters from immatures were important in defining the Morphinae and the subfamily Nymphalinae (sensu Harvey, 1991; a polyphyletic and poorly defined group when based on characters from adults). Characters from adults defined the Brassolinae and the satyroid lineage, but all internal relationships were lost, resulting in a tree very similar to those proposed in previous works based mostly on adult characters (Ackery, 1984 (Ackery, , 1988 . As shown by all analyses, data from immatures contributed much to the topology of the trees obtained from the combined data, including the fact that characters from immatures were most useful in defining the main lineages if compared with characters from adults (both exclusive and homoplasious, Table 4 ).
The present results show that, based on morphological characters, we should assume that:
1. Only combined analyses gives a good resolution for the phylogeny of Nymphalidae.
2. Data from immatures can be extremely important in defining the topology of the combined trees.
Previous results without resolution in the internal branches of Nymphalidae and the nonrecognition of the several different subfamilies hidden within this group could be ascribed to lack of knowledge of immature characters (many of these groups such as Nymphalinae sensu strictu, emerged only in the analysis of the immature data set, and later in the combined analysis), because many groups were well defined by these (such as the Nymphalinae).
This scenario, especially when compared with previous studies Kitching, 1985; Motta, 1989 Motta, , 1998 Motta, , 2003 Brown and Freitas, 1994; Freitas et al., 1997; Penz, 1999) , suggests that characters from immatures are crucial to understanding the evolution of Lepidoptera; in a broader view, this could be usefully applied to all holometabolous insects. 
Last Instar (Except 102)
The last instar (essentially always the fifth, but can vary from four to seven, see Scott, 1986 :21; DeVries, 1987:6) was always used because it bears fully developed structures, many times difficult to see in earlier instars (except for characters of the first instar only). A scheme combining most of the possible body structures of a last instar of Nymphalidae is shown in Figure A4 (adapted from Scott, 1986 :11); the general distribution of scoli is presented in Figure A5 . Additional information on some structures can be found in Freitas and Oliveira (1992), Brown and Freitas (1994) , Freitas et al. (1997) , and Freitas (1999). 
